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(54) BHK&ft] Kft^KoualMiffl^j* 



(57) [SIK;] 

[S«] PVDife*cvDiSfc ( k->Tj»*3ft*:iM: 

atusra*^ n 2 o#h^ {{>L<\±m.ivmwm%) 
m.vc*m%m% ( n 2 o#b$o iz&^x 3 0 o~ 

7 0 0*C<Ojlg?!^a^tJi^d«ri:CJ:o-C, 
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[Mil] CVDffitL<{iPVDj£^,t-5T^ 

mmitmmm-ffitzmmmmz&^x 3 0 o-c 
mmimmmzmk*mmmmz}5^x 3 0 ociai 

[ff*H2] CVD&tL<{iPVD^cJ;oT^ 
9£!>&ttl±KIHI«II£^-f 1?) 

miMmmm^wmmmmzii^x 3 0 or^it. 

700WR9ag£ft*>. $^£!£lffl>SpS2?)I 
St, 

Kflfii!'fLii^!iSr-iS'ftZM*#H^tfeV^ 3 0 O'C 

mt&mmtThy xb^- (teos, s 

i (0C 2 H 5 ) 4 ) ZWmtfXt UiT^XvC VD 

wmmmi*; i/vv ( s i h 4 > 

(0 2 ) fcifcSimfc-tftiMECVDigfci-aTHW 

as. 

[11*86] IH*«2t*JV^T, »2WlSfcS53<0 
XS0lll(C. 

St, 

[0001] 

h h v **$9mL±£m& titzmm.wm.izwi.tt t> 

*lfc¥»f«Hk Mitf , 8 J£ h 7 yyx T F T ) 



mizmth. 

[0002] 

ttti^mm/at. mm. tfthhwhbwcjsv* 
Bmt<mmmmm^i<r)&-mx-b&. mm® 

imffj^mzjmti z biMmx-Mmmz^izub. 



&s t f TcomfimnrntLtiWi < m> t>tix v . 

[0003] ^»JKc7)/h$^ B B B ®^Srffll,^TFT 

H^fflv^TFTt'fi. 3XRg#afftt2:Hl;<&» 
lit UT#4U^<0kUTtt» &BHt!£#*>l>. «i 

«r, ^mmm<r>xoiznmzmz.imm±xhtiii. jr 

£«f, #&¥3-7 1 793) 

[0004] jftKMHScio-c, ?a vmm.b ixm 

tm«i, £*/S#7 5 0°COT. HR«ttt5 5 0~6 

5 o'er. a»«^Ti»BMUR*fis<f»t<©iSiac» 

40 r^XvCVDffi, *CVD^t) KioT^ M6» 
[000 5] 

[%mm&i£ot?mM] ifri%tft>. pvd 
a, cvDm££^xm&LizimmiiT-ttst&& j $* 

•ft^tz. z<r>tz#>. TFToy-r htesjgi: ixm^ 

50 (stf) A<*v^v^|BIHjS, ASVMiy^f 



(3 

3 

8*>'J *ytMKT (^-ffc-g^ 
[0 0 06] flitf. PVDffiT*S^A-.y^ft&fflV^ 

[ 0 0 0 7 ] 4fc, T^^y*0»fflafcfeV^rtt, + 
*«Wfci:JWr«). *W hffiilllfc t-C(iffii6T^®§ 

mz*m^$x<Dti\mmz&z%oztiz£^x, 
mmnr-ttm^s i ■ *>L<<4Sio • £si-h. 
s i -oh t lt. sjefts-frtik^jfiarcftofc. 20 

UpL&#<c>. Si-H, S i -OH«f^l«ga&C. 

^■nm^zmtLXLt^tz. coj^anv^tes 

i - H, Si -OH«WJ^7 Hf+U*ttX" 

[0 0 08] IWfcTWeCVDttfcflftvCfWSfl 
fcBMfcgJBKfc: tSi-H. Si-OH < 

v-^y (TEOS) fcfflVvfcS^fcli. £%KD 30 

»i«tt, ±&<wsimiimtzmzmm-&i>cox'$> 

[0009] 

[■H*)W»+*fcft^«]«ttW>Jltltt. CVD 
(Ni 0)«WT, 3 0 0-7 0 0'C, *?£U<f4, 

5oo-6oox:^aiijRWi*fii*v\ #ffl 

^.SrTy^-r (NH 3 ) . tVyz/y (Ni H« ) 9 40 
JUC&WC, 300-700'C. #£L<14. 5 0 0- 

««fitLTIilOO-3 5 0nm, IF*t<ttl 
SO-SOOnmfc-rS,, 

[0010] JJEtf>Ig£ 1 -oowsk ( f-* ) 

iz%->xfrt>. m&xt:mM-hzbimti,*\ z 

*Ui, N 2 OtS-fbk^§r?i^-ri.t^-rS^tt* J 50 
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4 

[00113 Ulcr)2^<r)tmmLmzi5\^X\t. M 

mmxnzti / zi&&.*±.&-Tmitxi>j:^i. m 

[ 0 0 1 2 ] N 2 Oi5«fc^t*3l##H^t*J{t-6Jn 

a6Wi«oi*isiii. mo&a&Mm ■ mmwm. ■ m 
wtem&mizmtpt&tf. «sttt#*ts 1 3 o# 

mibco&&3£ttitfiwx'h&tf. 

5-3 0°C/mi n<7)m%.X\ 

M^#ffl^ T t$ ; =Sr -> T fc i v \ 
[0013] *JW!fciNvctt % Mltf. P VDffifc L 
•C(4^N 0 -y^ffi, CVDftfcl/Ctt, TyX^CVT) 

m. fficvDS. *«EcvDft*fflvvMarj:v^ -e 
<m<nmjimi>m^zkiMffiX'hh. 

X-7CVDffit,L<(ij|ffiCVDSi: LTJ4. TEOS 

(4, TEOSfciaMfXfcifcifflmfcl/t. S&iiaK 
2 0 0-50 O^TttflWtUf i k\ fflk<W$& 
KfcWCIi, TEOSfc^/y^UfftLT. JtKWiS 
ia(Witf, 3 7 5" > C±2 0 < 'C) T\ T-^X^tiS^ 

iECVD&SrfflV^T, tyy7y (SiH 4 ) bWliii 
X (Oa .) fcifcSffifli: LTtiSttBte7 , 5Xv^ 
§ i t*< SKI^RR^ S i fc S . 
ife, T7X-7CVD^a^>. ECR («iF^^O 
hoyft«>fttt^)»«tfflV^, ECR-CVDS 

[00 14] CVDffitt<(4PVD 

mzi->x, mm±iztmztiimitimmiztfix 
m-ftzmMiiL mt*.mnm%x\ 3 0 0-7 0 

o°c. 0tl<it. 5 0 0-6 0 oXMtitf&WmZ&z 

=5rv\ mmA^ommzmTL. 
sutLoo. mnmmzn^x^ 300-700-0. &■ 

<7)t$i>. waztL&m-ytv&gtixiii 00-3 

50nm, »4 L<{41 5 0-3 0 0 nrntf i>. ±fE 



(4 

5 

mmz^-tzmm (tty^-) tfmx-*>&. m 

$>z>®gtziiL. mil-* mnam 
it-?-zffittimi.*jiy-tfmxb<9. mm io 

m&zmft%*mtfhtzfr<nmkt>m*)^nt>tix^ 
&ztzm&bt&i$mmmwx$>&. ttz. n 2 o 
nw%xm\mmb . s^^iifcroMM&Jifc 

[00 16] ;«0gat*3V^(i. J:04*ttSr|S]±S 

fcwi 3 y<T-&c?>mmmz lx , s&ft^aei* 

[0017] ttWtitonsmt. ratt#*>** wc- 

m-&t:ib<?)h-?-tfWiVt>tixt5 o . wiena*o 
f-^yys'-o4"C^{:(4, mmzmit$mftzt:tb 30 

?&oi,z ixmfczm o-pit**®**-*-* t <o 

[00 18] 

im] CVDmtKitPVD&tzX-yXfmtt:® 

immmizttix. MiMm&mmmiiszz 
ob. ©%j<oN 2 ojjfflBR-c^jfflftwyifcio-c, me 

SSM+OS i -H«£*S i -OH»-&jWaftft*V^ 
lilMfcSJU S i sN, &M^liS i 2 =N-Om-£lZ 40 

k£i>. 

[0019] *Wflfct*WCli, WV% (ifcK 1 0 0~ 
3 50nnu tftKltl 5 0~3 0 0nm) OWMCD 
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6 

kfc9 00iC<OiBK3& t «MI'C*ofc. tth-h. N2O 

^>s-fbJ<s*^w^j»-ri>(7)t^=5:ia^* { 9 0 or 
£i±.x&-otifrt?xh&. LfrLKtfb, j&WEtmat 
■r&zbtzx^x. ±Mnm&ffi&tt£$mx'*h. 
ztuz.mi izammzx ot n 2 o^-fk**^ 
mzti&we. ±mco£?%mi&ii&-fn><mxn% 

<. 300-700*0, #4L<ti, 500-600*0 
fc«>k«5gS;h.S. 

1 0 0 2 0 1 mwimmzttimmmmzts 

HTML, WSR*«S£#*S i -H»£ % S i -OH& 

tztzfrb *># km . m^zzcoRmm-immbim 

nmXMiL*?t< . «NRk UTSBWilMfcSJR-S 
«**Ktf> 1 0 fcliLtfcsfir* . IMfcSSR+fc 0.1-1 

[0021] Zcr>m^. 74 Me«Hk«Stt«^#Ht 

■o-C«*tc4HBSft.* S i -Htt-^»S i -OH^ 
WfevmWfcS i =Nfe^, SI 1 =N-OS^ 

[0022] £c7)J; 9 fc, If ft:. ^KK 

k<Offiiftia^F>»S-&¥^S i -Hig-^S i - OH 

Jt^fMilW/XI/J/a*-/^^! ( S 
ft) * { |6]±L, *V»«OftT • eWrSWb) 

[0023] *m*W'y miZX-yX&lRLtcWtfk 

imm mtz, wvfm&fteTtny&b-r&zb 

£Oi3*«iNt 0#HmTjDf»KM-rS£t{ci 

0 , *&Ltz®mzm ozb . msmBmni 

* tt&M.tk it tcifi^ft hZbiMmbtchfrbX'bh. 
N2 03OT»TWil«fe^T^fe^^ofc3p«IS^ 

[0024] ±Mz<7)z b&xMv ?-mz±&mmm® 
<7>f8mtPFmx%^zb%7fii-i>c?>x'bi. ?%b*>. 

Sk T;>^ycoii-^#H^^^#i. ^ k . mm/7)V 

zf>>ib^o$&-*mtz$zbtf'mx\ mi< 
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[0025] L*L*#6. *SHBfc J: o?» 

ksr/tvi^s i k^o j: at. jjuuesttKiaLr i 

[0026] #?|tfl£ N TE O S«0)JRX»-frt^tM 

*Kfc*f LTSffi-f -5 fc ttM^tMb^ 6*i6 . £ *i6 
«IM^I8KfcttiiaWi^Jlfc**S*i. %RAt 

*MHT*->fc; *W»?tt, N 2 oimxrcoMm 
muzX^X. WbWBfM-6**. *«c. DSRblHi: 

[0 0 2 7] £tf>tSH, *JWIfcfl!v»4 3 
OO^OO^t^ffiST'&OSr**^ TEOS&S 
®#X t LXTyX~?CVDmiz£^XmfcZtlfz&Ht 

tMtj&mtyj'hi&mk u^^tf-to, wi 

£#tt£iS^fl!8itt£*-f. CVD^t,t<(iPVD^ 

«WHt:J:oT. KMta«K4»03F««^¥. S i -H 
Si-OHtHhWBftS*t, Si=N. fcsnji 
Si-N = H 2 grS-tMrTS. 
[0 0 2 8] N 2 0»B^T-OJ« 

ate j: -j t. iMioRjsx&mtitzmiWimm <nh 

2 If) tfSMfcfc L<JiBHfcS*u S i enis^, S i 2 
= N - t &6 . JJEflRlBfcfc v ^«JWt«S8 

®m%mmz±* \ \z t t^m i <mmt mmx-h 
6. wnmm*izo. i~i ojifpx, ftwwcu:, i 
[oo29] zam&* htmmt ffl&Hwmt. 

oT(S#fc:^ISrS*i6Si -Hfe^>s i-OHJS^ 
fr\ gr&tO&S&S i sN8^. s i 2 = N-0*g£gs 

[0030] Z<7)£ 0 fc, IHtigSK*. Wc, USUI 
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fcOJMBffJfi0*Wt*6#.*S i -H^-^S i -OH 
8^36*58^, WHtZtil £ i: (c J: 0, * v Mf * U *fc 
*tt6Wtt**[fU:U TFTcD^M M&WRfcl/OljO 
^^tWMW/x^^H^Sttl ( s 
ft) jWLhL. *^€SEtf)ffiT tPMWfc) £|» 

[003 1 ] «MHfc^-y^ifefcJ:-»T«KLfclfcft 

fciO; WRWU^JHMUbJ: O'J^lHtfifStll) 
10 (c»BW:*£tf>JiML *4V44, TEOS^flSR* 
*tra*St£fflwc /7X7CVDSl:J:oTW§ 

[0032] 

[mm]. 

ClWIl 3 *ggtfflii. fcitfgS2£ 
»Us0fC*6. -ffcfctK Kff91XR*«ft«flHt& 

T|R*tiSC«fLr. i*lSr^*-f MMlWfcl/CNf-i>* 

7y*~T$m&) X'<r)tmmzt$z.&\ znm 

WrVTZmtfLLtzmX-bZ. H7t*HSfi^TFT 

m^msnmizm^mmmmmi-. 
30 [ 0 0 3 3 ] mm o 1 ±tcT«oi»fl^Rii7 

0 2SrT7X^CVDatJ:oT3 00 0At^L 

tz. zlx. w^mmm^ryx^cvDm^z^x 
5ooki t zfsmuz. *cd&. N 2 mw&wzts^xm 
mumzm lx . # B H H ^i^^^i^ H a B ^ l^c . 

Lttj&»4*)*v\ 4fe, Miktt.Zftl.Z-tZtzMzis 
~f-7--)\sZmiXhfrth%\,\ (07 (A) ) 
[0034] «fc, «Sal^L7tg^7 0 3 y f-y 
40 ^LT, A«fRW7 0 4t»*Ufe. if5ft«WW*7 0 
4(4TFTOvStti§T'^l». -f-LTs y-f MBWRfcU 
10 0 0 A<55SKbg^JS7 0 5 *»JSL/S. *HSt 

ftJi«R*fa!lLfc. (07 (B) ) 
®l{iTEOS^^fr67-7X-7CVDStJ:6t 

TEost imi¥ff¥im<rMmiim 
tzmxis rfs* mm. mmu 3. 5 6mh 
z> mxix. 7'yx-?zm.Zit. mi§j%2oo 

50 ~5 0 0'C. *?4L<ti2 5 0~4 0 0'CT'iM^]£ 
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Pa. SA«a* 1 5 OW. 3 5 O'Cfc L 

[00 35] »2ttX*<y*i£fcJ: .Til 
ti. ^-y-yhkL"C^Jft^*fflv\ &3glOO%. 
1 PaCOSJHfUCfctvC. X-rC**"**£i:fcJ:->Trt 
l&tft tOTfcS . !StA*flli3 5 OW. »&&£te2 
OOTJfcLfc. tB3ttECR-CVDftteJ:*fc«)T» 
LT^/S^y ( S i H4 ) 

as. nsoftboicNt o. no. no 2 zfcom-itmm 
tfxzm^xi>^\ tit* z<r>t%v>mgk®-t ix 
it. mmaskztszzto-r. v-r?n» mm2. a 

5MHz) tfDttA«2j*4 0 0Wfcl,fc. 

[0036] *<o». >r o izfttiLLtsmmm 

tiztiizn ix . wiffim l ft i WW 2 ojaf^as- 

xeskk*. mmm**; a 3 1 o 

it. ^gity^««££i : LT&ft^imi0 2i. 
w&>m&Qm** : wm 1 o 3 1 . jt no* 

flttfcMSl 0 9*»^«W3iiT*J9. WRl 1 1U£ 
ft^f-W^-IBSjBail 1 Olz£iXffi£Zti 
ft. s Sr*5> *HJfe^ftv>T«. ftyA-io 1 fcft 

[00 3 7] ifz. S«10 5£ 

JBftf ft^^b -^-^tTaWRJt^tlfcMR*/!^ 
-1 04£*LT^ft. 

6nm, fcJ;Wl8 5nm) Sr&JBU:. ff^A'-l 
0 1 0±gPT'^(-3tjg 1 0 6 jWR9o»tfciva**»# 

v^fcJo-agjWE&SSfiT**. Srfc. #mMiz 

# wc i*m%Mi& * v> ^-mmzmmshx wh 
+*v*-nmiexA ix hmb%\ \ 

[00 38] ttz % f^VA'-lO 1 ttSMl 091Z 

&i&><7>i!xm?jkio7tfm : tt>tix\.i&. m>iz* 
mizmmzt-t v iz-t y t lt . ^mm 1 o 2 
09izwM^tt. *z-cm&tzt*)x&mLxim 

yA- 1 0 1 izffi&tiX&mvW- 1 0 4 fclfcfiS 

[ 0 0 3 9 ] *LT. ftVA- 1 0 l i*jfc#x#AiR 
107J:9N2 omXLX. **Vrt-ftm>Kji* 

±$j±t ttimnmz 1 0 o%n 2 o*Hsifc:fcn-c. 

MM«3 5 0-6 0 O'C. fldiJf 5 0 O'Ci: Lfc. 



(6) #11^8-5 5 84 8 

1 0 

ymz&zzitz. *<m. ^v^-pwni ozm 

-pfc. zcoX oizNHs zmxiX. 1-*v;<-ftM<7) 

Ej)$*Mg.t uzmnmzio o%nh 3 jmxim 

*>Kf. Most* 5 0 or. ^a^{43B#M« 

10 [0040] z<dx 0 ^zM^mmmmz^^tz 
ft. *ss3to££i*i£gffii 1 otio-ciasi 0 9 
izm&ti. ^coft. «ftcoa«^^a-rft^fiisi 

0 3 \H<DA -fe >y h K-fe -y h LT . 1 tSt<^SR<?DK!aiS 

sWRTLfc. mfts ftmnTMimmi&zKitz, 
w±<7>£ 0 iz bxwtwMk 1 ntimmtfzztitz . 

[004 1 ] Cl^ffit. R*fcf&*Lfc3«»0iWfc3 

*iifc*jv^r*f^fli2oaaw!ia*ftLfc. 

20 10 1rt^X#A^107J:»)NH3 fcSALT. f- 
■r W<-F*igp^E^SrA^uEi: L?tHWWt 1 0 0%N 

h 3 siisifcfev^T. m^z&ttiztfbmwmz 

joZK-ytz. Zcr>m. JH^S«(i5 0 0°Ct UCo * 

iz\ mmmm^smmmmmiiiz^fz. 

[0042] *<m.. y^-ftdONHs 
N 2 OSiAU, Cl^K. NH8^)»SWH-**Jii 

AmfffcL^H®W^10 0%N 2 0#Hm(cfcv^T. 

30 mmmiztfbimsmztizz^tz. z<om, 
inmm.it 5 o or. jsm^iam 3 Bt^sD^aa^^ 

[0043] icOio^rZiewJlgRfflaStJiJflr-jfc 

ft. 1 ofeioTiasi 0 9 

t^$<x. -e^ft. ^ftwa^^tsa-tft^fii^i 

0 3 rt£7)^-fe -y h iZ-t -y FLT . 1 tfc<0S«<?5SKLLe 

miUz. Wft, 

ULh^J; 5 izlxxmin^atinmmffZZtifz. 

[0044] ztit><7)£?iz. 3mm<7)fmnmiz£i 

40 Xft&LtzWtf\^m£Zti?ti2mVe>tua#m$:ts 

zK^tztf, z(D6mmcomytmmmmmii5z 

2^ yH« (SIMS) (cj: o 

a (TEOS«/7X7CVD£) CioTfRHLfeK 
^a^MTJiSmMt w»1BttJV^«3fi ( C ) coJb&« 
ft«U B* (N) <0**«tijDL^ifc*J«|g$ 

tuz. w,2<vm£ . %3aynm (ecr 

50 itmtnftmx'commm&nimMtmmizmzisiifz. 
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znx o %®mmmm$?4 vmmt ixim * c o o a i \ mz. mmtmm7 osttx. 7?x-? 

[0045] imotitb. ±|gmi~m3^^1£HJ:-9 fc. (07(D)) . 

XBfcZtLfzMfcimmmicVimiz&^X, N 2 O tlx, JHS&HJI7 0 8 fcy-f h*6^^7 0 5OX-y 

fci^NHa coKhvizmmwm^xmtisjg&ftxiin ^yymztc^. v-x/Yv4>\,zziy-??v*- 

&ixi>. s*. &m<7)®m£&^x^mm& /^ml^. *<ogl T^x^n^^yy 

3*ifcj&>-3fc. W^SOOOAcOT/PS-^A yftfcioTJSJHU '^-xyy^tsCfcoTV-* 

(lwt^Si. *>L<t40. 1-0. 3wt%<9S /HL-^>-«{g7 0 9Sr^L. NfA'^HOTFT 

flfcx^f-y^U y>fh«*7 0 6£#j£Lfc. &fc 10 [ 0 04 8 ] :*»Mfci3Vvc#|8LfcTFT<0#ft£ 

7yt^r-C'pH^7tiBBL7tl-3%0®EfSc7)x fftfLfc. T F T<Oft*fr£tty>r h*&&)I<9fl«£ 

fl/y/'Ja-;Hffi;iI^SL, (mA»6SS3tf>vvfihj&») tsxvy4 MgKKogi 

7^ 5 -7A^)y-M HIS t IX. WiWM-itZii <3ftS»8i*ifc ( N 2 0#lim+ N H 3 #Bm/^h3fc 

C&ofc. HWtftti, «SJ-jg1tSm 2 0 Vtxn S8H&9/5 0 0'C/#3B*fa (JSUbOMfcfrfc r N2 O 

ff£±tt\ *^)«JBfCll«B«»UT»7S-«i*. /NH 3 #H^j fcSEf ) . tL<tt. %2<7)ttimm 
iolzlX. H§ 1 50 OA^MHWlsftfcJftSU:. (NH 3 #B^+N 2 O3SfflSt/«H*JBW*0/ 

[0 04 6] -ftfyK-tTyyftfCj^T. ft 5 0 0*C/#3B#^ (J2Lttf*flM& r NH3 /N 2 OJ? 

«Jl*lt7 0 4fcy>f MS7 0 6£v*?i:l,TiB H^j fcfe-f) . iU<li, N 2 »HSR/*fl#SUt$r 

R£»fc**H*l fc&AUfc. L/5 0 0*C/6B#ra (iiltO&frfc tn 2 gffiaij fc 

K-X«(iixl0 14 ~5xiO> Si J!HVcm2 . Jltt 20 fE-f) W»fW>) *T3k<7)Xo lZ$3£LMmZ£X 

WBt 1 0-9 Ok V, K-X»£lxl0 15 Utt Lfc. f*MlfcTFTI4FW>'«flE*+14V 

SFP/cm* , jD>$«E£8 0kVt Lfc. fcffligU y-f F«E£- 1 7 V-+ 1 7 V&X'mhZ 

ni?«m^7 0 7«§^. (07(c)) -re, HU'f v«at*3eL)t. i oinwe 

§ UZ. K r FXdfv-^V— f- (**2 4-8 nm, ^ U f^fc«gUTf!6iWt«i^l^»K/£0 1 1 0 

)VX^2 0 n s e c ) *SBWLT, F-eyy«*lfc* ®B(c|g£ LX%htitzmmmWi^.fxn fcifcKU 

«ftfiB«7 0 7^)Sttfl:*iJi!Sro>J:. P— f-cox* 1- (un/m ) fcSMMfcJSaUfc. 

/^-af*«200~400n\J/cm* . *4U<tt T*fcijH\ (£M^ft^ii^iSScO_L#L£«r 4: £ 

2 5 0-3 0 0mJ/cm2 jWaSTfcofc. ^<7)IS »*f * ) 

tt, lW!M!Hlfc:J:oT*Ji5SroTt>*»4*)*v\ * [0049] 

A-l flll (TEOSC07*7X-7CVD) N 2 O/NH3 #ffl^ 3. 2% 
A- 2 mi (TEOS^r^XVCVD) NH3 /N 2 0#B^ 3. 7% 
A-3 gl (TEOS^7X?CVD) Nj fHM 48.5% 
B-l H2 (XJ*»/?m) N 2 O/NH3 #H^,-2. 7% 

B-2 812 (xrC-y*ife) NHs /N 2 O^ffl^-2. 3% 

B-3 352 N 2 11.9% 

C-l f 3 (ECR-CVDft) N 2 O/NH3 #fflM 0.7% 

C-2 13 (ECR-CVDS) NHs /N 2 Olfffl^ 1.2% 

C-3 S&3 (ECR-CVD30 N 2 #ffl^ 20. 5% 

[0050] z<7)Xoiz. \,Yfh0&miztsuzi>*:jt 40583 ^Hsuctjwc. JfflRBSIfciS £fc 3 K&Rftft&fli 

Mfe^**Ji*dB!lfc:aiJWI£*!!S»LfcO. 4fe [00 5 1 ] *HJ6Mt*iV^^»t^TFT{i, y-f 

Jiioat:, nh 3 «H»fc*j^T. SD^Ma&tJ^^r MftSaRfciPVDiS^cvDiStioTffiKLfclMIS 

attic*-9Tfe*'fc*fi«^«fcsJiW(ESiiirj&»o iz&^xmftmmwmntofmwimLK*) . it: 

it. tfcs ffimcomik'O. N 2 O»fflSlft4V^iNH*50 (4. NH3 »H^CfcV^T^3fc^JtflffflOjt«ia^ 



1 3 

&0>r**>l>. 

[00 5 2] C*IMf«2)*iaS0«i, TEOS*fim 

mmm zz~> mx-h t . ^mmmx-m^ 
wmt&mmmami o 5 <H7 ( b ) #$) co 

[00 53] *3S*Wtf>*+ >^'-2 0 1 ti. 
SrorfcO. rtMfc*-»T«R2 0 3*«rC#4J:5 
fc*->TV^. S«2 0 3{±^-vy^'-2 0 1<7) 
JSIllfciJtft&*lfcb-*-2 0 2K^tii?fl^ 

ji*»2 0 4imnt>tixi>&. xmfcmz&^xm- 

XMk IX. W±*m7>7° (4*C«fi2 4 6 nm, £> 

i & ~> izvxomm 2 0-6 1 ^^A-r « 
VXDtixmXlk 2 0 5 <?*ir ^& . 

[0054] xm^zm^Kiamifmz^xMW 

tS. £"f, «K2 0 3tf-vW«-2 0-l^)P«iffifc:-t 
oT, ^3KjS2 04«rlX'?Htf«ka{cUr-fe«yht 

fc. -e ur . f-v >a- 2 o i wztfzmwux *) n 2 

#ft»2 0 6*»4>j|«Lr. f-*WC-lW«fc- 

^ofc. £<0R, Mvia£li3 0 0~7 0 0r. MU£ 
5 0 0'Ci U:. fflRMWe<DiaKt:JiBRS*ife4> . N 
2 £N 2 H 4 -CIBftLr, «WfcfcBBtU:. ^l^i: 
#, MSB#[a{i3 0^~6l$ra, 0"Jttf2B#racOJnl*M 

[0055] Sl/f-vy/N'-rtONa £«AL 

rN 2 H 4 £N 2 CfflfcU:. *LT. S<olCN 2 SrN 

2 oci»i,r*ii*t!B»LrzjKi^a«fe«fflt*j 

££ofc. .rofc^. MMIi5 0 0*C, JBHtinM: 

izm&XKte 2 >M«##r3- (SIMS) t«t 
or, ^WLfckC*. ajStoKfl^WRfc-MfiTV* 
fcH3IKMU:0<)fiBR*«*tt!lDU m. *mffifrL. 

fc. 

[0056] CHJfitflJ 3 } *HS&0J(i. T E 0 S *JSm 
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*l!Wi«tffi|<0lWfca*]B7 0 5 (07 ( B ) #Sg) CO 

m*>2riSteJ:or#jftU:. 

[0057] H3fc*^-J: dfc. *«tMfcfflv^Mi 
Msgfitf, Jill * *j £ £ 3 w 3 o 

it, ^afrcos«$:ffiiLrj>i»^*iS302fc, m 
mmmfi&mt s^i^3 o 3 1 , $b*$3 0 6 . 

3 0 7**ifc|}S3 04, 3 0 5s&»fe»*Siir*J 
10 9, MR3 0 8, 3 0 9tti*l4>^)f-<yW?-iatJKIi 
01306. 3 0 7fcJ:-5r8iS$*l*. af^QtW 

3><T-iz£^x-mzmmMmmmmixMf& 

mafia Z =5r £ l>y n* <y f-iCfcsflr-j r v . 
[00 58] 04 (A). (B) fc*+>7<-301rt 

*<o«Bs*5?t. ^>a-3o ilea, m&z&mi 
^iix^t^y<T-4o ltfmibtixm. t 

ti y ay<7-4 0 1 QTF&at* »K4 0 2 SrMfet 
20 *feAWh-^-40 6, 407. 4 0 8*>'t(t^T 

0 6 2: , -^iSJrCMft1-Sa5^4 0 7 1 , ^ffl-TSgB 
^•4 0 8 fc <o 3 o^RJSrS V- > nr V >S . 

$ ^>t. -sasr»-ri»ip^3><7 > -^±a5{c" 
a, »i*i84 0 9*»iaft^*i.r»6. *mmmtzi3u 
xm%Mk ix , ®E7j<^7 yy ( +c^2 4 6 n 

[0059] 0 1 WSte&c: 

■%0t:#><7)®%3k4 12.4 1 3 fctfxfcgA'ttfcft 
30 WxmX&A 0 9. 410. 411 j6»Rtt6#ir 

^•4 0 3. 4 0 5^tJV>riiN2 #ffll\,4> fc^T or Id 

gp^-4 0 4(cJoV^r(iN 2 O^^ti^bKS^H^+t 

*orv^fc«>, «f#-en«tfc^x#Ai!W(«R»tfe 

**«»*-ifc*><>>3»W4 12.41 3*«ift(t^nr 
itf5«MMB«-t:#BR»4 12.41 3#m*t>ti 

40 1^1.. 

[0060] <j:(cf^is$-^-r. 4-r . mamcom. 

ZWffl;**: >y hC-fe -y hlX , ^pfll* 3 0 2 K-fe -y h 

s«"c> & «t o tc Lr . imcD9)mz%#>z>tzi?>x'b 

z<m. mmtmm3oeizXr>xmm3 04i,z 
mmzti. § loiWHfflof-^yA- 3 o 1 1» 
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X7-4 0 l±fc«4fflK4 0 2#2ftMX/CRjIS*i 

[006 1] -?-LT. JfiRlSfc^***. ay<T-4 
0 1±fc*itt*iB*45JK*Bl4 (C) fcjj**. t-fMk 
V-y4 0 3fc6V^T» i6Kli5~3 Or/mi n, 01 

1 O'C/m i n<OW^TD«»S*l*. 
#X&A&40 9^i4N2#zgA£frOvtN2 #H 

[oo62] taut. mn±HSJU?cm&tii v- 

zKbtvfc. an&axtts o o~6 o or. mm. 5 
sort w:. tfxmAm 1 o*>6i2Nt o 

4 0 4 fcfcV vCJi-Jgfc 2 0 t&OfflfcWaH'CS hXo 

sofc^-ts^ra, 04 0. ift^««*%Mi3ft 

*WfcS-t*l«att. 3 0^-6^ra. W£tf3«Bli: 

[0063] .roj; a ^mmummz^^k. 

Y-y 4 0 5^^X2 5 O'CtX'^miX^,. Z<7)b 

zw&sstmit* nmmtmt< 5-3 o^c/m i n . 

Mtlf. 1 0*C/m i n b Lfc. &*3, £*>fc&#X* 
A»41 IJlONt £&ALTN2 SJfflSlfcW:. 

ft. Ma$^s^(±ffi^ 3 0 7 o-ciu^3 0 5 
(SBssfu ^ft<oa«MB-t£f«£3 

SjWITU;. 

[00643 -*b «^^«yii©wi*7 u 
^c»i^st>'^<iS3 0 2^-fe -y h Lxtmmz&z 

y 4 0 4 fc»»t* i: . 3 y*7-±fcR»t*>*ufc *tt 

fc. M*&&fi5 5 0'Ci:Uv:. -lOit, #*#A«4 
10*^(4NH 3 jWHASJITNHs flMC^-J-C^ 

[0065] icoj: o^tvmmmz^tim. 

V-y4 0 5!,z£'>X2 5 0'C&X*ti;®ZtLZ. ZOb 
ZMSimmi*. »$fc|5|t<5~3 0'C/mi n, 
Witf, 1 OVmi nbltz. ,I<7)i:S=;yxg 
AJR4 1 l«tON2 £*ALTN* fIHH?t. 

», ^zitf&mmax 3 0 7 c j 0 5 
t»ass*u ten®, nm&comLztkmz^ms 

0 3 ft<7)#± v V iz-t 7 h Zix. mitoWSXfflfitol 
Liz. 

[ 0 0 6 6 ] ZCO X 0 iz LX . 3t*hM!f Srtfffl LfcN 
2 O#ffl$\*T<0Mft«raiS't5i^-?^ft, 
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S^KHSffl^-BiitcJ:-?-^ 2 0jR*i:*04«tt 
*ifc. 2<K>T*y|tt#W8c (SIMS) izXZftm 

mmmmmL*tsz*r>tM& mm 
mm. mz. ^i»fc^iBfcfcvvcrao*#*(iD 

tz. ztm. mmcomw&tyzte^x9oov<?>wm 

10 [0067] cumh : xmrnmn. teos $m® 

bi-ZryXvcVDmizX-iX . l£*§lLfc#j£3*t 
iliiiM«(kafl7 0 5 (H7 ( B ) <o 

meymnz^xi&fSLLiz. 

[ 0 0 6 8 ] m 5 £7fi~f£ o te % ^atWJcffl^JtHlSR 
1 fc . ^Sfrc7)««&«^LT^I.^(iM5 0 2 1 ,M 

aft^as^ffif-r i»^«iS5 o mm® 5 osz 

20 «ifc19S5 0 4*»4,«ja3*lTfcO. ««506(4C 

rj ><7- iiz£~? x-&&mMnm&&mLxim 

Wgtf}$Z%t?>rty1'&iZ%~>X^h. 
[006 9] 06 (A) s (B) 0 lF^I 

gp^it&^-t. f-v 5 0 1 Ui. S^6 0 2 Sr 

7-6 01tfmibtlX^h. itz. ny^r-6 0 1 
OT»ttt, «R*JlBR-r*fcft(?5t-^-6 0 3j&«S 
30 V^tlX^Z. 0 10±gP(c(i, 

*fl#»6 04jWR»tMvC*4. 
[0070] f-^yn'- 5 0 1 fcti. 
J3j:lX^ai§-ti:4fc#(4N2 %®%tpbl. -56 
?aST«-ri>i:#Ki5V^TtiN2 04fe«fiMbk«» 

Hm+fc-ri.^, ^'x^A^6 0 5^t^iiTS> 

^(•^t LT , IBiE*® 5 ( cNl«ft 2 4 6 n 
40 m, *JJ:tfl85nm) fcttJBUi. 

[0071] acfcyMLtSfcov^-cKW-*. *$m<r> 

msLZmLWl* v h fc-fe •/ h UT . l^fiiM 5 0 2 K-b 

0 4t£»i»S^ §4>t, jD^affl^f-^y^-5 0 

it6 0 2«3y<7-6 0lHm «(C2 
ttr^oMV, If 2 OtWRHSWlrJSaPrcffjhrS J: 3 £ 

06(C) tC^t. #an#J4, a«ii5-3 0'C/m i 
50 n, Witf, 1 0'C/m i n*)*teTilU}fe3*lfc. ^cO 
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k#, ^'x«A^605J:ON2 mXZtLXs N 2 # ^^©JRt^V^fft3j;o-C^W$^TS>l>. 

[0072] -eot&, tofmm£&z%oi&mizm?z iz&mtix^ztf. ^v^-<r>ftmzwim.ix m 

t s n y<r-6 0 1 ±.lzmit>tit:m!?\-ym6 0 4 J: b%\\ 

K>m\-%mMZtltz. tim&mte5 0 0-6 0 O'C, [ 0 0 7 8 ] ifc. fty^'-iijICIi 

Witf. 5 5 0TrcjiSft£*J££-3fc. z\<m, 'm.tf £d£*6?)P$v^8 1 3kiix.*m\-$htz#><Mi7M 

Mfmwz&z%om.izmi-&mmiztfxm*j!k6 o a&s i 4*w^>^tv^„ z<?>mszm^x. 

Ltzt #tc{i^tNH 3 mm%iz&uxmmm.tf& imm* -y mc* -y b it. i-mms o 3 7 h l 

^^^idtcLTtJ:^. JPi^^ti. 30^- 10 -?-LT. KK«±J)g^805tJ;orHU^C^II§ 

~6B#flk #J;t(£3l$|fkL£. *tf>&, NH3 £N 2 ft, HBMOHffl<Of-+W<-8 0 lfc&mZti 

SRjaas:fei=sro!ij:. SDi^a^ra{i3^fcL/i. [007 9] <ei/c, f"rwc-rtjc^^»A»8i4 

[0073] J o&»Ma£fc,T 25 <kON 2 0£gALT, f-y W\*-fi&cOJE:fi£:*$vE 

oxitx-tismtit:. zob%?>)$$mmi. Wi$tk kttzmnmizioo%Ni ommmza^x.mm 

nt< 5~3 0°C/m i n, fflitf. 1 0'C/m ink Srg^ L&^JMa^fe^-?*:. ;<0R. ft&ft 

Ufc. =Sr*5. Cl^ii^^'X^A^eOSiONz £z£A Jg«3 0 0-7 0 0*C, MUf 5 0 O^Cfc Lfc. 

lt, n 2 matfeurfci^ot. ms? ®i«riaii3 04K6i«a. w^tf3eia<oji9s«!a* 
ti. torn. 9mjw&RimMt& : Hm5 o 3 m 20 mms 0 6 jc»»L'czKi«jn3R* i fc^4*rfismz 

tf-te-y Mc-fe-y h£ix, S^^aXg^Tt/i,, ^)ftyA'-802KM?<it, mm*^y-8 1 0 

[00 743 JjLhO J: o fc LTW^MftMaa^ fcKBSfifc. -£LT, f*-v W*-rtfc#**A36 J: 0 

flft. ±IE<7)*!UItcJ;9N2 0#HM4>, 9 0 0 o C^»[l NH 3 Sr^AtT, f-+y^-rt*tf)fl3j£*SUIfc L 

»M8Wfr-*Ji*-9fck £ fcf§£:h*^fcBg0W)*tf> "fcHflWG: 1 0 0%N Ha #fflmtfc^T . 

mmtfmimmmzis^ztix^z>zttf2<X'(*>n Mb%tft>mmmz&z\%^tz. znm. umami 

mmm (sims) izi. *>ximztite. 5 0 o°ct u:. ttz. wmmmi3%fflcr>tufmwz 

[0075] mmmsi *msmt* teossbb fc-r&o*:. 

t-fST-^X^CVDSKioT, im%LktZM&LZtl [0080] ^Xo^ZM^tmmitsZ^t: 

tzMi&mig&. ®8iz7Ft wmmm&zm^x. tw mmtitzmmummms o sizx^xmrns o 6 

*IB±^it0!«)l8fl^«IH 705 (H7(B)«B)» 0 4 -fc -y h fcr-fe •/ h LT , 1 tfc*>SiRtf>JSIIg 

n»»j:otMLt *«tu:. am. nmxmmomLtm^tz. 

[0076] 08 izTjk-fz. o ^mmmizM^tzim vxt^x a izixxwmmmmtfzztitz. ±ie<o 

Ma^MJi. jD^Ma^fc^^ ^ ntbff)^ >*-tf2 jBit i o n 2 o#h^,+, 9 o o-coMMaaSrfc-r 

oft 0 . N 2 0#fflM#ffl8 oik, g-fbKS ^roJtk Sfc^fe^^kH^^MwastbMRflSi 

«?ijT'{iNH3 ) #H^»ffl8 0 2kt^*^T^s. 4 «ffifc:^Wsnf^Sv:k^2»:^y»i^sfft (s 

«ratfflOffiR*fi»LT*6^Hi^80 3k. Ma IMS) CloTWBSiifc. 

SW>aS*fiMPt4 : iHiS8 0 4k. «iiS«8 0 5*fl| [0081] CHA0I6 3 *HttflWi. y?y ( S 

ifcfirSsoe^flWtStiTtiO, SWiiit^wf- i h 4 ) kS«^ (o* ) *iafik-fft«EcvDife 

*>rt-mwmsQ5\,z£~>xmkHix*>. 40 Wot, amht:®ia§iifcKflsa}j«*. msiz 

#m&mizt$^xte* ?*yrt-izt$^xit. -buz- rnim&mmfcim^x. tmfmmz^tiwc 
ftvymtf&zzt&m&ibZ'yx^i. ^mtmx'm^tzmsmm^m^kwtix 

[0077] £tz. f-yyA-80 1, 802{i, tt, *fiia«*3 0 0~5 0 0-C, ^+ W«-p«iWj£ft 

8 0 7, 8 0 8$:SP«i-rS/itocOh-^-*>"Tgi5tiStt S:0. 1~1 0 t o r r , Mtlf 4 0 CC, 1. 5to 

htltzmm-^ -80 9. 81 0S:*LTV^|,„ $/i> r rkLfc. 

C ft>A-^)«tli 5l^3tj®8 11,812^' [ 0 0 8 2 ] 4-f . *MacD»K^SMc^-fe «y ht-b 

iSft^n-Cft^ . *HSfe(5lJtfc^T^(-3taSk LT . ffi ~/YlX. "fffim 5 0 2 IC-fe -y h Ltz. * IX , mat 

Efcmy>7 (4"t^246nm, fcj;t/185n ^jMS5 0 5(Cj:-?TBU^5 0 4 

m ) L/C. f-* y^'-^igBT^M^TX 00 JHfWaaffl^^ J v yA- 5 0 1 {C#jM$^T n A7- 
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2 0 



<7)m?ZM6 (c ) izTtt. mamt. a^«i5~3 o coo8 7] msmx-it. TEossnmt-rsr^x 

•C/m i n. fffitf, 1 O'C/m i nOS^-CM*^ TC VD£fcj:^T»jSS^IMl^J»£'M4:Ilifl 



[oo83] *<oa. MM**£fr3*Kf3t*-i fa^pvD^cvDa, 

3XT-6 0 1±t:a»tA>futaijt3iaB6 0 4i ECR-CVDS, i£JECVD£. AiRJE 

0«Wt (««fi246nm. fcitf 1 8 5 nm ) CVDffi^*fflV^»jSSitfcKfl^«JRttJ^rfc^ 

BBHSflfc. JPSftffiJgtt 5 0 0-6 0 0 Witf, 5 *r*S£¥*£*^*£#ir#$*lT;l3 0 , *^^HJfe 

h 4 zmxix. tvmmztezKd&mz&ititz ^nx^mmm^tih^m^x-hbo. £ 

fcfcfi^feNi h 4 wmmz^xtmummz^b oxoiz. xwNzz^xw&Lizmvmmw h 

[0084] ^xo^tmsmm^-ytdk. 25 [@i] gsftpj 1 1 i i>s«a^s&^-t. 

OtitJ^]^. M^i [02] HSS0iJ2tJ;l»J«aggSr^-r. 

Ht< 5~3 0°C/m i n. fifyitf. 1 0*C/m i nfc [03] fSmS^XhtmS&SSXkJFrt . 
Us. £<Ofc#^x^Am6 0 5J:ON2 20 [04] gSfcH3(c J;S«IM^)f A-yA-rt 

L/C, N 2 gfflacfcwtfci&o*:, MSS &&Xlfl0!^W&W8&7pt. 

titzmmmmk5 0 5{z^xwm5 0 4izmk% [05] ggttfu. eti^jo^a^s^^-r. 

*u %<m.. w®m<vmizwLnt&^mm.5 0 3\Hcr> [06] nwn. 6t,z£m?mMmw.<ni-^y>< 

$*-y Mz*vh%ii.mm<?)W£jmmTi,t:. - -tomszxmmnmtmznft. 

[0085] VXt<Di. ? iZ LX*fflKD&SMm#%Z [07] mUSM 1 COT F T*)f8Rlg£ . 

*#t>r& (SIMS) izX-o TWBSftfc. 101 jD&J&Sfflf-^ yn- 

[0086] 30 1 0 2 , 1 0 3 • ■ ^dE 

IffiW^WR] #*DtoJ:3fc. PVDfttL<{4CV 104 SKsivW- 

d'^ J:oT#j*3ft*l«B£*l!te, N 2 0#H^* 10 5 m. 

izh^x. m-mmLZtfb. 3 0 o~7 0 o c c. n 1 0 6 mmm 

ti<u 500-60 oicsflKoisa-c^jirtMMi** 107 #x$a& 

•TittioT, lftfl?£XIt<t>Oitt*:i3 <fctf**igjj££ 108 

is«u tfc. mmmbmmnimizm&sxm 109 mm 



ft. £<0t#, #*»ASS6 0 5J:9N2 **$A£*l 

t, n 2 m&wz&^xmmtftszzbtifz. 
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